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Traditional healers in Lesotho often stored air-dried
material indoors for up to five years before use. The
effect of storage on antibacterial and COX-1 anti-inflam-
matory activity of three plants (Malva parviflora,
Eriocephalus tenuifolius and Asparagus microraphis)
commonly used in traditional medicine in Lesotho were
monitored. Dried, ground leaf and/or root material of
these plants were stored at 10°C, room temperature (23
± 2°C) and outside where the material was exposed to
both low and high as well as large fluctuations in tem-
perature. Antibacterial activity of M. parviflora (leaves
and roots) and E. tenuifolius (leaves) initially increased
with storage with the highest inhibitory activity being
measured after three-to-six months storage after which
activity gradually decreased. COX-1 anti-inflammatory
activity of M. parviflora (leaves and roots), E. tenuifolius
(leaves) and A. microraphis (leaves and roots) also
increased after three-to-six months storage. Inhibitory
activity of the hexane and methanol extracts decreased
with prolonged storage except for A. microraphis roots
where high inhibitory activity was detected throughout
the twelve month experiment. COX-1 anti-inflammatory
activity gradually increased in the water extracts of M.
parviflora (leaves and roots) and A. microraphis (leaves)
with storage. Generally, the material stored at room tem-
perature had the highest inhibitory activity. These
results suggest that the three plants may not have a
long shelf-life and further investigation, including in
vivo studies, is needed to ensure effective treatment of
bacterial and inflammatory complaints.
The concentration of active ingredients that contribute to the
medicinal value of any plant may be affected by factors such
as cultivar, number of years of cultivation, growing condi-
tions and/or environment, harvesting techniques, methods
of processing and storage conditions (Li and Wardle 2001).
For example, the temperature during drying can be critical
— if it is too high, volatile constituents such as essential oils
will be depleted or lost (Whitten 1997). After harvesting,
some plants tend to have a high moisture content and need
to be dried as soon as possible in order to minimise loss of
biological activity and to prevent microorganism contamina-
tion (Li and Wardle 2001).
Adequate drying of herbs before storage is essential. If a
herb goes into storage with a borderline moisture content,
temperature fluctuations may cause the moisture to con-
dense and result in mould growth (Whitten 1997). Storage of
medicinal plants and herbal teas under unsuitable conditions
may also result in insect and mite infestation (Kalinovic and
Rozman 2000). The most frequent insects to attack the
plants are the mycophagous psocids that feed on microor-
ganisms such as fungi and bacteria. Highest infestation
rates are found in older, damp and mouldy medicinal plants
and teas. Other reports indicate that contamination of medic-
inal plants by mould during wet periods or after inappropri-
ate and/or prolonged storage, caused poisoning of plant
preparations used in herbal remedies (Stewart et al. 1998,
Kalinovic and Rozman 2000).
There is a concern that when using stored plant material, it
could have inadequate medicinal activity. Methods of storing
medicinal plants to maximise the ‘shelf-life’ needs attention.
In Lesotho, the majority of the plants used in traditional reme-
dies occur in the highland area (Shale et al. 1999) while the
vast majority of Lesotho’s population live in the lowland area.
The traditional healers and herbalists in Lesotho generally
air-dry their collected herbs at room temperature and store
them indoors for up to five years. Although some attempts are
made to cultivate medicinal plants, many species cannot sur-
vive outside their natural habitat (Shale et al. 1999). Thus the
aims of this study were to determine the effect of storage on
three plant species that are commonly used to treat inflam-
matory and bacterial complaints in Lesotho.
Material and Methods
Plant material and storage conditions
Three plant species were selected for this study based on
information obtained from traditional healers and herbalists
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in Lesotho and subsequent screening for biological activity
(Shale et al. 1999). Voucher specimens were deposited in
the University of KwaZulu-Natal, Pietermaritzburg
Herbarium. Leaves and roots of Malva parviflora L. (Shale
NU 21) and Asparagus microraphis (Kunth) Bakee. (Shale
NU 25) were collected in January 2000 and leaves of
Eriocephalus tenuifolius DC (Shale NU 15) in May 2000
from Qacha’s Nek district in Lesotho, southern Africa and
immediately transported to the laboratory. The remaining
plant material was dried at 50°C and ground to a powder.
For each species, the powdered material was divided into
three lots and placed in clear glass bottles. These were
stored at 1) 10°C; 2) room temperature (23 ± 2°C) and; 3)
outside where the plant material was exposed to direct sun-
light and large diurnal temperature fluctuations.
As a control (0 months), hexane, methanol and water
extracts were immediately made and tested for biological
activity. Ground material (2g) was extracted with 20ml hexa-
ne, methanol or water respectively for 30min in an ultra-
sound bath, left overnight and then filtered through
Whatman No. 1 filter paper. The extract was dried in a
stream of air and tested for antibacterial and COX-1 anti-
inflammatory activity as described below. The stored plant
material was tested at three monthly intervals for 12 months.
Antibacterial activity
M. parviflora and E. tenuifolius extracts were dissolved in
hexane, methanol or water respectively and tested for anti-
bacterial activity using the disc-diffusion bioassay as
described by Rasoanaivo and Ratsimamanga-Urverg (1993)
and Rabe and Van Staden (1997). The test bacteria used
were the Gram-positive Micrococcus luteus (ATCC 4698),
Bacillus subtilis (ATCC 6051), Staphylococcus aureus
(ATCC 12600) and Staphylococcus epidermis (wild type),
and the Gram-negative Escherichia coli (ATCC 11775),
Pseudomonas aeruginosa (ATCC 10145) and Klebsiella
pneumoniae (ATCC 13883). Stock cultures were maintained
at 4°C on Molten Mueller-Hinton. Neomycin (5µg disc–1) was
used as a positive control. The crude plant extracts (1mg
disc–1) were applied to filter paper discs and these placed on
the agar plates on which the bacteria were growing. These
were incubated for 18h at 37°C after which the clear zone of
inhibition was measured. Antibacterial activity was
expressed as a ratio of the inhibition zone caused by the
plant extract to the inhibition zone of the neomycin control.
The activity of the neomycin was included in the equation to
adjust for plate-to-plate variations in the sensitivity of the
particular bacterial strain (Rabe and Van Staden 1997).
There were four replicates for each extract.
COX-1 anti-inflammatory activity
The extracts of M. parviflora and E. tenuifolius that were
tested for antibacterial activity, were subsequently dried.
Additionally, 500mg of ground A. microraphis was used to
make hexane, methanol and water extracts as described
above. The dried hexane and methanol extracts of the three
plants were dissolved in ethanol and the water extracts in
water. These extracts were tested for anti-inflammatory
activity using the in vitro cyclooxygenase (COX-1) assay as
described by Jäger et al. (1996). Sheep seminal vesicle
microsomes were used as a source of the enzyme. Inhibition
was calculated based on the conversion of 14C-arachidonic
acid to prostaglandins. The final assay concentration was
200µg ml–1 extract for all the samples tested. Indomethacin
(50µM ml–1) was included for comparison.
Results
Effect of storage on biological activity of M. parviflora
leaves and roots
Antibacterial activity
At the time of collection, hexane and methanol extracts
made from leaves inhibited the Gram-negative P. aerugi-
nosa. Storage of the plant material at 10°C, room tempera-
ture and outside, caused an increase in antibacterial activity
of the hexane extract against S. aureus, S. epidermis and B.
subtilis (Figure 1a, c and e) and the methanol extracts
against S. aureus, B. subtilis and P. aeruginosa (Figure 1b,
d and f). In all treatments, activity peaked after three months
storage. Storage for longer than three months resulted in
decreased activity. No activity was detected in any of water
extracts throughout the storage period of twelve months
(results not shown).
Hexane and methanol extracts obtained from root material
had no antibacterial activity at the time of collection. No sub-
sequent activity was measured when the root material was
stored at 10°C (results not shown). However, when the root
material was stored at room temperature and outside, the
Gram-positive S. aureus was inhibited with activity peaking
after six months storage (Figure 2a–d). The water extract ini-
tially (0 months) exhibited high antibacterial activity against
Gram-positive B. subtilis and S. epidermis. Regardless of
where the root material was stored, antibacterial activity of the
water extract decreased rapidly with storage (Figure 2e–f).
COX-1 anti-inflammatory activity
The variation of indomethacin (50µM ml–1) between assays
was 73 ± 7% inhibition. The crude plant extracts were con-
sidered to have high inhibitory activity if their percentage
inhibition was greater than that of the indomethacin. At the
time of collection (0 months), hexane and methanol extracts
made from the leaves of M. parviflora yielded high anti-
inflammatory activity (over 80%) compared to the water
extract (less than 10%). Storage of the leaf material at 10°C,
room temperature and outside initially caused a slight
increase in anti-inflammatory activity of the hexane extracts
but this decreased after six months storage (Figure 3a).
Regardless of the storage conditions of the leaf material,
methanol extracts decreased in inhibitory activity after three
months storage. Activity increased after six to nine months
storage but decreased after twelve months storage (Figure
3c). Anti-inflammatory activity of the water extracts made
from leaves increased after storage although inhibitory activ-
ity remained below 40% throughout the twelve months. The
largest increase in inhibitory activity was measured in the
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Figure 1: The effect of storage on antibacterial activity of M. parviflora leaves. Dried leaves were stored at 10°C (a and b), room temperature
(c and d) and outside (e and f) for twelve months. Results of hexane (a, c and e) and methanol (b, d and f) extracts are shown. The results
are expressed as a ratio of the inhibition zone of the plant extract (1mg disc–1) to the inhibition zone of the neomycin (5µg disc–1). M.l (+) =
Micrococcus luteus, S.a (+) = Staphylococcus aureus, B.s (+) = Bacillus subtilis, S.e (+) = Staphylococcus epidermis, P.a (–) = Pseudomonas
aeruginosa, E.c (–) = Escherichia coli and K.p (–) = Klebsiella pneumoniae
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Figure 2: The effect of storage on antibacterial activity of M. parviflora roots. Results are shown for dried roots stored at room temperature
(a, c and e) and outside (b, d and f) for twelve months from which hexane (a and b), methanol (c and d) and water (e and f) extracts were
made. The results are expressed as a ratio of the inhibition zone of the plant extract (1mg disc–1) to the inhibition zone of the neomycin (5µg
disc–1). M.l (+) = Micrococcus luteus, S.a (+) = Staphylococcus aureus, B.s (+) = Bacillus subtilis, S.e (+) = Staphylococcus epidermis, P.a (–)
= Pseudomonas aeruginosa, E.c (–) = Escherichia coli and K.p (–) = Klebsiella pneumoniae
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leaf material stored at room temperature (Figure 3e).
Initially (0 months), only the hexane extract made from the
root material of M. parviflora had high anti-inflammatory
activity. This activity in the hexane extract increased with
storage of the roots in the three treatments with most
inhibitory activity being measured after six months storage,
especially at room temperature (Figure 3b). Although
inhibitory activity of the methanol and water extracts did
increase with storage of the roots, this never exceeded 50%
inhibitory activity (Figure 3d and f).
Effect of storage on biological activity of E. tenuifolius
leaves
Antibacterial activity
At the time of collection (0 months), hexane and methanol
extracts made from leaves of E. tenuifolius exhibited anti-
bacterial activity against the Gram-positive B. subtilis and S.
aureus. Storage of the leaf material at 10°C, room tempera-
ture and outside increased antibacterial activity of the hexa-
ne and methanol extracts after three months storage.
Storage for longer than three months caused a gradual
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Figure 3: The effect of storage on COX-1 anti-inflammatory activity of M. parviflora leaves (a, c and e) and roots(b, d and f) when stored for
twelve months under various conditions. Results of hexane (a and b), methanol (c and d) and water (e and f) extracts (200µg ml–1) are shown.
Indomethacin (50µM ml–1) inhibition = 73 ± 7%
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Figure 4: The effect of storage on antibacterial activity of E. tenuifolius leaves stored at 10°C (a and b), room temperature (c and d) and out-
side (e and f) for twelve months. Results of hexane (a, c and e) and methanol (b, d and f) extracts are shown. The results are expressed as
a ratio of the inhibition zone of the plant extract (1mg disc–1) to the inhibition zone of the neomycin (5µg disc–1). M.l (+) = Micrococcus luteus,
S.a (+) = Staphylococcus aureus, B.s (+) = Bacillus subtilis, S.e (+) = Staphylococcus epidermis, P.a (–) = Pseudomonas aeruginosa, E.c (–)
= Escherichia coli and K.p (–) = Klebsiella pneumoniae
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decrease in activity although some inhibitory activity was still
measured after twelve months storage, especially for the
methanol extracts (Figure 4a–f). No antibacterial activity was
detected in any of the water extracts over the course of the
experiment (results not shown).
COX-1 anti-inflammatory activity
The variation of indomethacin (50µM ml–1) between assays
was 63 ± 4% inhibition. At the time of collection (0 months),
hexane and methanol extracts made from leaves of E.
tenuifolius exhibited high anti-inflammatory activity (over
80%) compared to the water extract (less than 20%). Even
when the leaf material was stored for up to twelve months at
10°C, room temperature and outside, hexane extracts main-
tained this high anti-inflammatory activity (Figure 5a).
However, methanol extracts obtained from leaf material
decreased in anti-inflammatory activity if stored for longer
than three months with activity decreasing more rapidly at
higher storage temperatures (Figure 5b). Although inhibitory
activity of the water extracts made from leaf material showed
an increase in activity, especially after three months storage,
activity remained low (less than 50%) throughout the twelve
months of the experiment (Figure 5c).
Effect of storage on biological activity of A. microraphis
leaves and roots
COX-1 anti-inflammatory activity
The variation of indomethacin (50µM ml–1) between assays
was 73 ± 7% inhibition. At the time of collection (0 months),
both hexane and methanol extracts made from leaves of A.
microraphis had moderate anti-inflammatory activity (over
60%). Storage of the leaf material for up to twelve months at
10°C, room temperature and outside did not affect anti-
inflammatory activity of the hexane extracts (Figure 6a).
Activity of the methanol extract did initially increase with
highest anti-inflammatory activity being measured after six
months storage in the three treatments. After six months,
there was a decrease in activity of the leaf material although
activity remained above 50% (Figure 6c). Very low inhibitory
activity (less than 20%) was detected in the water extracts
throughout the experiment (Figure 6e).
Initially (0 months), high inhibitory activity was obtained in
the hexane and methanol extracts made from the roots of A.
microraphis. Storage of the root material for up to twelve
months did not affect the inhibitory activity of the hexane
extract (Figure 6a). Greater variation in anti-inflammatory
activity was measured in the methanol extracts of the root
material with activity being lowest after six months storage
(Figure 6d). Very low anti-inflammatory activity (less than
10%) was detected in the water extracts throughout the
experiment (Figure 6e).
Discussion
Storage of dried M. parviflora, E. tenuifolius and A. micro-
raphis plant material under different conditions was investi-
gated to determine the effect of storage on the medicinal
activity of these medicinal plants and to assess their ‘shelf-
life’. Antibacterial activity of M. parviflora (leaves and roots)
and E. tenuifolius (leaves) initially increased with storage
with high inhibition being measured after three-to-six months
storage. Longer storage resulted in a gradual decrease in
antibacterial activity with no activity being detected in the
leaves and roots of M. parviflora after twelve months storage
(Figures 1 and 2). Slight antibacterial activity was measured
in the E. tenuifolius extracts after twelve months (Figure 4).
For M. parviflora leaves, highest inhibitory activity was
measured in the hexane extracts made from material stored
at room temperature and in the methanol extracts of materi-
al stored outside (Figure 1). Highest antibacterial activity
was detected in the extracts made from the roots of M. parv-
iflora stored at room temperature (Figure 2). Storage tem-
peratures did not influence the rate of loss of antibacterial
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Figure 6: The effect of storage on COX-1 anti-inflammatory activity of A. microraphis leaves (a and c) and roots (b and d) when stored for
twelve months under various conditions. Results of hexane (a and b), methanol (c and d) and water (e and f) extracts (200µg ml–1) are shown.
Indomethacin (50µM ml–1) inhibition = 73 ± 7%
activity in E. tenuifolius leaves (Figure 4).
COX-1 anti-inflammatory activity of M. parviflora (leaves
and roots), E. tenuifolius (leaves) and A. microraphis (leaves
and roots) also generally increased with three-to-six months
storage after which there was a gradual loss of activity in the
M. parviflora leaf and root extracts (Figure 3), E. tenuifolius
leaf extracts (Figure 5) and A. microraphis leaf extracts. A.
microraphis root extracts retained their high COX-1 anti-
inflammatory activity throughout the twelve month experi-
ment (Figure 6). Comparison of the results from the plant
material stored under the three storage regimes varied
between the three species. In some instances, inhibitory
activity increased when material was stored at high temper-
atures (M. parviflora leaves and A. microraphis roots) and in
others, highest activity was measured when the plant mate-
rial was stored in cooler conditions (M. parviflora roots, E.
tenuifolius and A. microraphis leaves).
Chemical decomposition occurs with storage and includes
such processes as hydrolysis, oxidation, polymerisation and
isomerisation. Temperature is the main factor contributing to
chemical decomposition with elevated temperatures acceler-
ating the rate of the chemical reactions (Florence and Attwood
1988). Photodecomposition may also occur in plant material
exposed to ultraviolet rays from direct sunlight (Silva et al.
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1998). Other environmental factors such as oxygen levels
may also affect the stored plant material. All these chemical
reactions may give rise to compound artefacts which can alter
the medicinal properties of the plant material. The increase in
both antibacterial and anti-inflammatory activity measured in
the present study after three-to-six months storage is proba-
bly due to such breakdown products. This was confirmed by
running TLC plates where more compound spots were
observed from stored material compared to fresh material
(Shale 2003). The resulting products may enhance antibac-
terial and anti-inflammatory activity, thus boosting the already
existing biological activity. These breakdown products may
either work synergistically or antagonistically. These products
were probably further degraded with prolonged storage,
resulting in increased loss of biological activity.
According to the interviewed healers and herbalists from
Lesotho, storage of dried medicinal plants at room tempera-
ture, away from direct sunlight and large temperature fluctu-
ations enables plant material to retain activity for up to five
years (Shale et al. 1999). However, the results do not sub-
stantiate the observation that all these stored plants maintain
their medicinal properties for up to five years and the ques-
tion of ‘shelf-life’ needs closer investigation. Other reports
show that most marketed traditional plants which are spread
out by vendors on pavements, referred to as an ‘open phar-
macy’, are subjected to loss of activity due to exposure to
sunlight and large changes in temperature (Bagale et al.
1991). Griggs et al. (2001) showed that antibacterial and anti-
fungal activity of medicinal plants varied among different
plant species after six years storage. The activity of some
plants was enhanced upon exposure to ultraviolet rays while
other species where activity was initially enhanced by light,
were found to have lost this activity upon re-testing as a
result of long-term storage. Another example is Antireha put-
minosa which lost 50% of its alkaloids and flavonoid glyco-
sides after two months storage (Silva et al. 1998).
The testing of harvested plant material to determine the
loss of activity over time will allow healers to make informed
decisions when using stored plant material. The disposal of
unstable plants will contribute to the efficacy of herbal med-
icines, while plants that are known to have stable biological
activity can safely be stored for longer periods of time. This
will benefit both the healers and the environment, since
fewer plants will be harvested and discarded (Griggs et al.
2001). The results on storage of M. parviflora, E. tenuifolius
and A. microraphis which are used to treat bacterial infec-
tions and inflammatory complaints in Lesotho (Shale et al.
1999) suggest that the plants do not generally have a long
shelf-life. This aspect of medicinal plant usage requires fur-
ther investigation, including in vivo studies, to ensure effec-
tive treatment of bacterial and inflammatory complaints.
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